When cattle infected with infectious bovine rhinotracheitis virus (IBRV) were treated 3 months later with a synthetic corticosteroid, consistent recrudescence of the infection was observed. Suppression of cell-mediated immunity, as measured by lymphocyte transformation responses, could be demonstrated at the time of recrudescence. Treatment with adrenocorticotropic hormone and trigeminal neurotomy also resulted in recrudescence of IBRV, but immunosuppression was not detected in these animals. The detection of specific, antigeninduced, lymphocyte transformation responses at the time of recovery from both primary and recurrent infections suggests that cell-mediated immunity may be important in determining the duration and severity of the recurrent infection. However, immunosuppression may not be the direct mechanism of recrudescence.
Infectious bovine rhinotracheitis virus (IBRV) has been shown to be a typical herpesvirus on the basis of morphology (1, 3) and by its ability to produce persistent infections, with spontaneous recrudescence occurring in the presence of neutralizing antibody (25) . Recrudescence has also been induced by the administration of synthetic corticosteroids, even as long as four years after primary infection (24) .
Corticosteroids have been shown to suppress cell-mediated immune responses to bacterial antigens (15) suggesting, therefore, that a similar mechanism may be involved in corticosteroid-induced recrudescence of IBRV. In natural and experimental infections caused by other herpesviruses, cell-mediated immune responses have been shown to be important. For example, mice had persistent viremia and increased mortality after primary infections with herpes simplex virus (HSV) when treated with antithymocyte serum (14) . In man, disseminated and fatal infections with HSV, varicella-zoster, and cytomegaloviruses have also been associ- ated with immunological-deficiency diseases involving the thymus-dependent immune system and immunosuppression for organ transplantation (12). Specific cell-mediated immune responses directed against antigens of several herpesviruses have been demonstrated, both in vivo by the ability of these antigens to elicit delayed-type skin reactions (2, 8) and in vitro by using lymphocyte transformation techniques (6, 23) . Both of these reactions are manifestations of cell-mediated immunity (11, 28) .
The blastogenic transformation of lymphocytes by either specific antigens or by phytohemagglutinin (PHA) is thought to be primarily a measure of thymus-dependent lymphocyte (Tcell) function (16, 19) . These responses generally are depressed with thymic aplasias and after neonatal thymectomy (20, 21) . However, normal responses occur after bursectomy (16) and in animals with agammaglobulinemia, where T-cell function is normal (20) . Depressed responses have been associated with cutaneous anergy and inability to reject allografts, both being primarily T-cell functions. In general, lymphocyte transformation by antigen has been found to correlate well with specific, delayed sensitivity reactions in the donor rather than with humoral immune responses, but there are conflicting reports (28) .
This report describes an investigation of the role of cellular and humoral immunity in both the development of and recovery from primary and recurrent IBRV infections in calves. The effects of trigeminal neurotomy on persistence and recrudescence are also reported. In these studies blastogenic transformation of lymphocytes by PHA or IBRV antigen was used to assess the role of cellular immune mechanisms in recurrent IBRV infections induced by exogenous and endogenous adrenal corticosteroids.
MATERIALS AND METHODS Virus. Colorado-1 strain (IBRV) was used throughout this study. It had been serially passaged three to nine times in bovine testicle (BT) cell culture.
Animals. Male and female Holstein calves were purchased from commerical sources in the Ithaca, N.Y., area at 3 to 6 weeks of age. These calves were shown to be free of IBRV neutralizing antibody at 1 week of age and again at the time of inoculation of virus. All calves were allowed to acclimatize in individual isolation quarters for at least 1 week before infection. At the time of infection they were 5 to 10 weeks old.
Primary and recurrent infections. The humoral and cellular immune responses during primary infection with IBRV were followed in four, 5-week-old calves inoculated by the vaginal route with 106-5 median tissue culture infective doses (TCID50) of IBRV. An additional 10 calves were inoculated intranasally with the same virus strain 3 inoculated with IBRV were sectioned at 2 or 3 months after infection, respectively. The calves were anesthetized (Surital, Parke-Davis) and, after endotracheal intubation, anesthesia was maintained with a Fluothane (Ayerst Laboratories, New York, N.Y.)-oxygen mixture. An incision was made over the left parietal bone, and the cornual vessels were isolated and ligated. After the muscle was reflected, a 0.75-inch diameter area of the parietal bone was removed with a trephine, and the dura were incised. The trigeminal nerve was then crushed by digital pressure where it entered the foramen lacerum. The muscle and skin incisions were closed by standard techniques. The success of the manipulation was determined by desensitization of the conjunctivae and nares and by direct observation during postmortem examination.
After surgery, conjunctival and nasal secretions were collected daily from each eye and nostril until slaughter on postoperative days 17 or 29. Calves were treated with 0.1 mg of DM/kg of body weight daily for the final 5 days.
Virus isolation. Methods for virus isolation from secretions and from explant cultures of selected tissues have been described previously (24) .
Serum neutralization tests. Undiluted sera were tested for the presence of IBRV antibody by methods that have been reported (7) . Where neutralization occurred with a 1:2 dilution of serum, antibody was titrated by using a microtiter system. Threefold dilutions of serum were made in flat-bottomed, plastic plates (Linbro Chemical Co., New Haven, Conn.) by using 0.05-mI Takatsy loops. An Cultures were incubated for 30 h at 37 C in a humidified 5% CO2 atmosphere, and then tritiated thymidine (2 gCi in 0.5 ml of McCoy 20% BS) was added, and the cultures were incubated for an additional 18 h. Tritiated thymidine (3H-Tdr), specific activity 20 Ci/mmol, was obtained from New England Nuclear Corp., Boston, Mass.
Erythrocytes were lysed with 2 ml of cold distilled water, and after a single washing with 3 ml of distilled water, lysates and washing portions were pooled and centrifuged at 400 x g for 10 min at 4 C. Hemoglobin and free thymidine were removed by washing the pelleted material twice in 5 ml of cold PBS. The washed pellet of leukocytes and red-cell stromata was taken up in 5 ml of cold trichloroacetic acid and allowed to stand for 30 min in the cold. The precipitate that formed was sedimented at 650 x g for 20 min at 4 C, drained, and dissolved in 0.5 ml of 97% formic acid (Matheson, Coleman and Bell, East Rutherford, N.J.).
Uptake of 3H-Tdr was measured by counting duplicate 0.1-ml samples of the dissolved pellet in 5 ml of Aquasol (New England Nuclear Corp., Boston, Mass.) by liquid scintillation spectrometry (Beckman, LS100 liquid scintillation system) after dark adaptation overnight. Blanks of formic acid and Aquasol were included with each group of samples.
The degree of blastogenic transformation of lymphocytes was expressed as a stimulation index (SI) where SI = mean cpm cultures with stimulus-blank/ mean cpm cultures without stimulus-blank. As a standard procedure, the SI of duplicate cultures of the same blood samples were averaged. Total and differential white-cell counts were determined on duplicate samples.
RESULTS
Primary infection. The course of development of lymphocyte transformation and antibody responses during primary IBRV infection is illustrated in Fig. 1 . Antigen-stimulated cultures prepared from four calves on two occasions before infection had depressed 3H-Tdr uptake in comparison with control cultures, giving an average SI of 0.5. Responses remained at this level for at least 4 days after infection. Peak transformation responses were recorded on day 7, with values ranging from 2.9 to 19.0. On day 10 the responses had fallen to levels slightly above preinfection values (SI = 1.2 to 3.7) and they continued to fall until day 13 . Antigeninduced transformation responses then remained at this low level, and values of 1.4 to 2.9 were recorded from these animals 3 months postinoculation (p.i.).
In all calves peak transformation responses preceded the cessation of virus excretion from the vagina, which continued until p.i. days 9 to 12. Serum neutralizing antibody was first detected 10 to 13 days p.i., and peak titers were reached by 13 to 16 days.
Recurrent infection. Transformation responses with both PHA and viral antigen were followed in six intranasally inoculated calves at intervals before, during, and after treatment with DM or ACTH. Four untreated calves were studied at the same time to determine the direct effects of repeated sampling.
Responses (Fig. 2) .
In initial investigations, two calves (45 and 46) were treated with DM for 5 days and were slaughtered 24 h after the last treatment. Two untreated calves (43 and 44) were examined at the same time. Within 24 h of the first treatment, there was a profound drop in 3H-Tdr uptake in PHA-stimulated cultures. A similar drop, although to a lesser degree, occurred in unstimulated cultures, resulting in an initial decline in the SI to approximately 2% of pretreatment levels. By day 3, stimulation indexes were about one-third of normal, and they remained at this level until the time of slaughter. Average stimulation indexes recorded during the treatment period are shown in Table 1 . Absolute lymphocyte counts of treated calves declined to 45% of control levels. IBRV was isolated from the nasal secretions of the treated animals, beginning on the third day of treatment, and at the time of slaughter, virus was recovered from several organ systems ( initiation of treatment, there was a decrease of up to 50% in absolute lymphocyte numbers. However, there was no close association between the absolute lymphocyte count and uptake of 3H-Tdr. In parallel with changes in lymphocyte counts, there was a dramatic rise in the relative and absolute numbers of neutrophils 24 h after the first treatment. These remained elevated throughout treatment, although at steadily decreasing levels. Hematologic changes were more dramatic with DM than with ACTH treatment (Fig. 3) . No eosinophils were observed in blood smears from DMtreated animals, but small numbers of eosinophils remained in circulation during ACTH treatment. No consistent changes in the number of monocytes or basophils were observed.
There were no changes in antibody titers during the treatment period (Table 4) . However, when sampling was continued after steroid treatment was stopped, there was a 10-fold increase in titer, which was detectable within 3 to 10 days of cessation of treatment. The antibody titers of untreated animals, which were examined at the same time, remained at the original level ( Table 4) .
The recovery of IBRV from the nasal and conjunctival secretions of these animals is shown in Table 5 . Virus was recovered from the secretions of all the treated animals. The first isolations were made on the third or fourth day of treatment, at which time PHA responses were generally depressed. Antigen responses, however, were at pretreatment levels in three calves and slightly elevated in one. Virus recovery continued until days 7 to 9, 48 to 96 h after the last treatment. At this time PHA responses The clinical responses of calves treated with corticosteroids were variable, ranging from mild hyperemia of the conjunctivae or nasal mucosa with serous nasal discharge to a copious -mucopurulent ocular and nasal discharge that occluded the nostrils. Lesions were typical of IBRV infection. Animals which had the most severe clinical signs and lesions during the primary infection also had the most severe reactions after treatment with corticosteroids. No clinical changes or gross and microscopic lesions were observed in untreated control calves.
Trigeminal nerve section. The effects of surgical trauma were resolved 3 to 6 days postoperation (p.o.), at which time the only residual sign was loss of sensation of the nares and conjunctivae on the sectioned side, suggesting the success of the manipulation. One calf developed a group of 2-to 5-mm, dry pustules on the nasolabial plane, which were first noticeable 5 days p.o. These lesions were confined to the denervated side and stopped on the midline. When one of these lesions was excised and cultured 8 days p.o., IBRV was not recovered. However, IBRV was recovered from the secretions of the denervated nostril of this calf beginning on the 11th day p.o. (Table 6 ). Virus excretion continued until the 17th day when the animal was slaughtered. Treatment with DM was started on the twelfth day p.o. and, therefore, any treatment effect overlapped with spontaneous recrudescence from the denervated nostril. IBRV was recovered from the intact side on one occasion, day 15 p.o., the third day of steroid treatment. At postmortem the trigeminal nerve, between the ganglion and pons on the denervated side, was found to be completely severed.
The second calf did not develop nasal lesions after surgery, and IBRV was not recovered from secretions before the third day of tteatment CS, conjunctival VOL. 8, 1973 ( In addition to spontaneous re-excretion of virus in the absence of lesions, or obvious inciting factors (9) , recrudescence of HSV in man and experimental animals has been associated with a wide variety of natural and artificial stimuli (17, 22) . The incidence of recurrent infections following these stimuli varies widely, and with the exception of trigeminal nerve section in the selected population in which the technique is used, none of the stimuli seems as effective in inducing recrudescence as corticosteroid treatment in bovines. A number of these factors might be associated with decreased immunological responsiveness through endogenous corticosteroid release, although this association has not been demonstrated. However, although there is an increased incidence of disseminated herpetic infections in natural and acquired immunological deficiency states in man (12), an increase in the frequency of recurrent episodes has not been firmly established (26) . One study, however, suggested that lymphocytes of patients subject to recurrences of HSV had a deficit in the release of macrophage migration inhibition factor in response to HSV antigen, although proliferative responses of these lymphocytes were normal (29) .
In a recent review (22), Roizman proposed a unified theory which would encompass the disparate stimulants of recurrent HSV infections. He proposed that the virus persists as a truly latent infection of the satellite cells of the trigeminal nerve and that persistence and recrudescence occur, regardless of the immune status of the host, the host's immunological defenses being involved in determining only the severity and duration of the recurrent episode.
There is a similar disparity in stimulants of recurrent IBRV infections. On one hand, suppression of cell-mediated immunity paralleled the recrudescence of IBRV in all of the DMtreated and one of the ACTH-treated animals, whereas in the other ACTH-treated animal, although viral recrudescence followed the typical pattern, there was no detectable immunosuppression. In addition, recrudescence was demonstrated in one animal after surgical section of the trigeminal nerve, although this must be repeated. As in man, the reactivation was confined to the denervated side. Spontaneous re-excretion of IBRV was not demonstrated in this study but spontaneous recrudescence, in the absence of lesions and apparent inciting factors, has been described by others (25) .
Thus, although in the majority of animals examined, recrudescence of IBRV occurred in parallel with suppression of in vitro correlates of cell-mediated immunity, recrudescence also occurred without demonstrable immunosuppression and after trigeminal nerve section, which would not normally be considered immunosuppressive. However, in all animals examined during primary infection and after treatment had ceased, there was a rise in antigen-induced lymphocyte transformation responses. This would suggest an increase in the number of specific IBRV antigen responsive effector T cells in circulation, and also presumably at the sites of virus multiplication. The rise in specific cellular immune responsiveness occurred at the time of, or slightly before, the cessation of virus recovery from the secretions and resolution of clinically apparent disease. Thus, although the number of animals studied was small, it would appear that the cellular immune response is involved in determining the duration of both primary and recurrent IBRV infections, but may not be the direct mechanism of reactivation of infection, in which case suppression of cell-mediated immunity during recrudescence would account for the apparently unrestricted multiplication of virus and the development of clinically apparent disease. Spontaneous recrudescence and the recurrence which followed trigeminal nerve section, which have no apparent immunological basis, would involve reactivation alone, whereas the absence of lesions and clinical disease in these animals would reflect the restraining influence of the host's immune response.
